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Introduction
Since at least the 1940s, workers have been seeking to understand the kinetics of the fundamental radical-polymerization reaction of termination. This quest has not proven to be easy.​[1]​ Just under a decade ago, two game-changing advances were made that have unleashed rapid progress in the field:1 (1) The so-called ‘composite model’ was proposed: short radicals and long radicals are characterized by different scaling-law behavior in their rate of termination.​[2]​ (2) Single-pulse pulsed-laser polymerization (SP PLP) was coupled with electron paramagnetic resonance (EPR) spectroscopy to produce a remarkably potent new method for measuring chain-length-dependent termination (CLDT) rate coefficients, in particular those of short radicals.​[3]​
Essentially without exception, the SP-PLP-EPR method has revealed termination behavior in accord with the composite model.​[4]​ Here we summarize three recent SP-PLP-EPR studies, all involving new directions for the application of this technique.

Results and Discussion
Acrylates.  Acrylate kinetics are complicated by the occurrence of the backbiting reaction, which converts chain-end secondary radicals into mid-chain tertiary radicals. Since these two classes of radicals have different propagation and termination kinetics, measurements of kp and kt, respectively, for such systems are actually averages over both populations. In the case of termination, this may explain that measurements with various techniques have yielded CLDT parameters that do not really make any sense.
In order to investigate this, it was decided to carry out SP PLP EPR at a temperature too low (–40 °C) for backbiting to occur. This guarantees that the obtained parameters definitely pertain to secondary (chain-end) radicals. The three acrylates investigated were those in Scheme 1, while Figure 1 presents typical SP-PLP-EPR results.5 It shows radical concentration, cR, in the milliseconds immediately after a laser pulse induces polymerization. By fitting these results, one obtains kt1,1, the rate coefficient for termination between radicals of unity degree of polymerization, and s, the power-law exponent in the variation of kti,i with chain length, i, at small i. No other currently available technique can deliver these highly important parameters with such authority.
Our study confirmed family-type behavior in the termination of acrylates, and it also found more reasonable values of CLDT parameters.


Scheme 1.  (Meth)acrylates studied here: methyl acrylate (MA), n-butyl acrylate (BA), dodecyl acrylate (DA) and 1H, 1H, 2H, 2H-tridecafluorooctyl methacrylate (TDFOMA).


Figure 1.  Results​[5]​ from SP PLP EPR of MA (1.5 M in toluene) at –40 °C, showing the best-fit values of kt1,1 and s (see text).

TDFOMA.  In a second study, the fluorinated methacrylate TDFOMA – see Scheme 1 – was investigated via SP PLP EPR.​[6]​ Previously only ‘standard’ methacrylates had been studied, and so the effect of fluorination – which is known to alter miscibility and conformation – remained to be established. Unexpectedly, but perhaps reasonably in hindsight, there was found to be a transition from acrylate-like termination behaviour at low temperatures to standard methacrylate-like behaviour at high temperatures.
Macromonomer.  As already mentioned, in conventional acrylate experiments it is highly challenging to disentangle the behavior of secondary and tertiary radicals. An attempt to address this was made by carrying out SP PLP EPR of BA macromonomer. The idea is that photoinitiation generates a tertiary radical – see Scheme 2 – that only terminates, and in particular does not propagate, on the rapid timescale of an SP-PLP-EPR experiment. These species were found to display termination rate coefficients of an expected order of magnitude, and about a factor 10 lower than chain-end radicals of equivalent size.

Scheme 2.  Generation of tertiary radicals from photoinitiation of macromonomer (denoted MMn).

Conclusion
SP PLP EPR is a remarkable tool for the study of termination kinetics, and it continues to reveal that this much maligned process in fact conforms to reasonably simple and largely common-sense patterns of behavior when investigated rigorously.





^1	 ()	Barner-Kowollik, C.; Russell, G. T. Prog. Polym. Sci. 2009, 34, 1211.
^2	 ()	Smith, G. B.; Russell, G. T.; Heuts, J. P. A. Macromol. Theory Simul. 2003, 12, 299.
^3	 ()	Buback, M.; Egorov, M.; Junkers, T.; Panchenko, E. Macromol. Rapid Commun. 2004, 25, 1004.
^4	 ()	Barth, J.; Buback, M. Macromol. React. Eng. 2010, 4, 288.
^5	 ()	Barth, J.; Buback, M.; Russell, G. T.; Smolne, S. Macromol. Chem. Phys. 2011, 212, 1366.
^6	 ()	Barth, J.; Siegmann, R.; Beuermann, S.; Russell, G. T.; Buback, M. Macromol. Chem. Phys. 2012, 213, 19.
